Conclusion: TQRF and TQ regulated genes involved in cholesterol metabolism by two mechanisms, the uptake of lowdensity lipoprotein cholesterol via the upregulation of the LDLR gene and inhibition of cholesterol synthesis via the suppression of the HMGCR gene.
and hydrodistillation. In addition, the SFE technique is a cost-effective and environmentally friendly technique that can be performed quickly using nontoxic and nonexplosive materials in addition to employing a selectivityadjustable solvent for the extraction process [4] . Furthermore, it also enables the oil extraction process to be performed at low temperatures and under oxygen-free conditions. These characteristics are crucial for the extraction of bioactive compounds that are highly susceptible to oxidative degradation, such as TQ. Fractionation by controlling the SFE parameters such as pressure and temperature enables the concentration of a targeted bioactive compound such as TQ to be conducted in a solventfree medium in a manner that is time-and cost-efficient.
Numerous studies have reported the health benefits of N. sativa seeds in its different forms including the seed extract, its oil and its volatile substances [5] . In addition, a few studies have shown that N. sativa oil and its active compound TQ are capable of lowering plasma cholesterol levels in animals [6, 7] . However, the molecular mechanisms by which N. sativa oil and TQ are able to reduce plasma cholesterol levels are unknown. The human HepG2 cells are considered as a good model for studying the regulation of hepatic low-density lipoprotein cholesterol (LDL-C) catabolism, cholesterol metabolism, lipid synthesis and lipoprotein synthesis, since they are representative of the normal biochemical functions specific to liver cells [8] . These cells have been shown to express the major enzymes required for metabolism of the intra-and extracellular cholesterol [9] . The oxysterol 25-hydroxycholesterol (25OH) has been shown to regulate cholesterol metabolism in HepG2 cells by decreasing the mRNA expression of the low-density lipoprotein receptor (LDLR) and of the 3-hydroxy-3-methylglutaryl-coenzyme A reductase (HMGCR) genes [10] . In addition, 25OH was reported to decrease the HMGCR enzyme activity in clones of Chinese hamster ovary cells (UT-1 cells) through suppression of the synthesis of this enzyme [11] .
In this study, we compared the activity of TQ-rich fraction (TQRF), which was prepared from N. sativa seeds using the SFE technique at 40 ° C and at 600 bar, with the activity of pure TQ by investigating their effects on the expression in HepG2 cells, of LDLR and HMGCR genes that have a significant role in cholesterol metabolism. LDLR is known to primarily regulate exogenous cholesterol by removing more than 70% of the human LDL-C from the blood circulation [8] . Cholesterol synthesis is controlled by the regulation of genes that encode various enzymes, especially HMGCR that is the rate-limiting enzyme in this process [9] . The upregulation of LDLR and the downregulation of HMGCR are key mechanisms that control plasma levels of LDL-C [12] .
In the first part of this study, the cytotoxic effects of TQRF and TQ in regard to the growth of HepG2 cells was determined using the MTT cell proliferation assay [3-(4,5-dimethylthiazole-2-yl) 2,5-diphenyltetrazolium bromide]. In the second part of this study, a comparison of the TQRF and TQ activities in the regulation of LDLR and HMGCR was investigated in the presence or absence of 25OH using real-time PCR with a TaqMan assay.
Materials and Methods
N. sativa Seed N. sativa seeds were purchased from a local herbal grocery in Taiz in the Republic of Yemen. The seeds were cleaned and kept at 4 ° C in the Laboratory of Molecular Biomedicine, Institute of Bioscience, Universiti Putra Malaysia.
Chemicals
Methanol, 2-propanol (high-performance liquid chromatography, HPLC, grade) and dimethylsulfoxide (DMSO) were purchased from Fisher Scientific Co., Ltd. (Ottawa, Ont., Canada). The TQ standard, DMEM, fetal bovine serum (FBS), penicillin, streptomycin, trypsin, 25OH, human lipoprotein-deficient serum (HLPDS), MTT, sodium bicarbonate and PBS were purchased from Sigma-Aldrich Co. (St. Louis, Mo., USA). RiboPure TM RNA isolation kit was purchased from Ambion (Austin, Tex., USA). First-strand cDNA synthesis kit was purchased from Ferments (MBI Ferments, Inc., Vilnius, Lithuania). The Quantict Probe Real Time PCR master mix was purchased from Qiagen (Valencia, Calif., USA), while the oligo (dT) primer and probes were supplied by Sigma-Aldrich and synthesized by Integrated DNA Technologies, Inc. (San Diego, Calif., USA).
Supercritical Fluid Extraction of TQRF N. sativa seeds were cleaned and dried in an oven at 40 ° C until a constant weight was attained, after which 100 g of the seeds were ground into a powder for 3 min using an electrical grinder (Waring Blender, Tokyo, Japan). This procedure was performed just before the SFE extraction was initiated. SFE (Thar 1,000 F, Louis, Mo., USA) runs were performed using extraction parameters that included a pressure of 600 bar and a temperature of 40, 60 and 80 ° C. Briefly, 100 g of ground N. sativa seeds were placed into a 1-liter extraction vessel. After the extraction vessel was tightly sealed, the desired extraction temperature was set. The pressure within the extraction vessel was generated with a constant carbon dioxide flow rate at 30 g/min and regulated by an automated back pressure regulator. The extraction process lasted for 3 h and oil samples were collected from the collection vessel after each interval of 1 h. TQRF was collected at a pressure of 600 bar and a temperature of 40 ° C after the 1st hour of extraction.
Determination of the TQ Content in TQRF
Quantification of the TQ compound in TQRF using HPLC methods was performed according to Omar et al. [13] . Both TQRF and the standard TQ were weighed, dissolved into isopropanol and filtered though a 0.45-m Millipore filter prior to use. Three replicates were prepared for each sample. The TQ content in TQRF was determined using an HPLC (Agilent 1,100) that possessed a C 18 reversed-phase column Zorbax SB-C18 (Agilent, Muskegon, Mich., USA). The mobile phase consisted of water, methanol and isopropanol [50: 45: 5 (v/v/v)] with a flow rate of 1.5 ml min -1 . The TQ standard solution (20, 40, 60, 80 , 100 and 120 g/ml), which was used to prepare the standard curve, was analyzed in duplicates by injecting 20 l of sample into the HPLC system. The collected data were subjected to calculation of the mean value and calibration curve was created by plotting the concentrations of the injected amount against the corresponding peak areas.
Measurement of Cell Proliferation
In order to avoid a cytotoxic effect of TQRF and TQ on HepG2 cell proliferation, the cytotoxicity study was carried out using the MTT proliferation assay according to a previous report by Hirano et al. [14] . HepG2 cells were treated with different concentrations of TQRF and TQ in order to select the appropriate doses that resulted in cell proliferation greater than 70% to perform the gene expression experiments.
HepG2 cells were plated in 96-well plates at a density of 1 ! 10 3 cells per well to avoid over-confluence of the cells when the cells were seeded for 24 h and treated with TQRF and TQ for another 72 h. The cells were incubated overnight at 37 ° C in a humidified atmosphere including 5% CO 2 ; the outer wells were not used in these experiments. Both TQ and TQRF stocks were diluted in Dulbecco's minimum essential medium (DMEM) to obtain a range of concentrations between 0.5 and 5 g/ml for TQ and 0.5 and 200 g/ml for TQRF. The cells were exposed to both treatments for 72 h. After this incubation period, MTT (20 l) was added into each well and the plates were then incubated for an additional 4 h. The medium was subsequently removed by aspiration. DMSO was then added to each well (150 l), and the formazan was dissolved by gentle shaking to ensure complete solubilization. The plates were read immediately in a 96-well using enzyme-linked immunosorbent assay reader at 595 nm. Control cells were treated with 0.1% DMSO. The dose-response curve was plotted and the concentration which gave 50% of cell growth (IC 50 ) was calculated.
In order to avoid a cytotoxic effect of 25OH on HepG2 cell proliferation, HepG2 cells were cultured in DMEM supplemented with either 10% FBS or 10% HLPDS and plated in 96-well plates at a density of 1 ! 10 3 cells per well, incubated overnight at 37 ° C in a humidified atmosphere including 5% CO 2 ; 25OH was dissolved in ethanol (EtOH) for delivery to cells and the final concentration of EtOH in the cultures was controlled to be less than 0.3% (v/v). The cells were exposed to different concentration of 25OH for 72 h. Control cells were treated with 0.3% of EtOH.
Flow Cytometry Analysis of Cell Viability Using Propidium
Iodide and Annexin V Flow cytometry analysis was used to confirm that the proliferation rate of HepG2 cells was greater than 70% for the selected doses to be used in the gene expression experiment. A TACS TM Annexin V-FITC Apoptosis detection kit (Promega, Southampton, UK) was used for flow cytometry. The Annexin V assay was carried out in conjunction with propidium iodide (PI) staining.
In order to perform this assay, HepG2 cells were seeded for 24 h in 6-well culture plates at 2 ! 10 5 cells/well, and were treated with TQ at 2 g/ml and TQRF at 80 g/ml. After removal of the medium from each well, the cells were gently washed 3 times with cold PBS solution and then harvested by trypsinization. The cells were pelleted by centrifugation at 3,000 rpm for 10 min. The pellets were washed 3 times with DMEM and then incubated in the dark, with Annexin-V-FITC/PI for 15 min at room temperature. The analysis was then carried out using flow cytometry (Cyan ADP Dako, Denmark) using the A TACS TM Annexin V-FITC apoptosis detection kit according to the manufacturer's instructions.
Gene Expression Study
HepG2 cells were seeded in a 6-well plate in Dulbecco's modified eagle medium (DMEM), supplemented with 10% FBS at a density of 1 ! 10 5 cells/well. Twenty-four hours before the start of experiment, the medium was changed to DMEM supplemented with 10% HLPDS and the cells were divided into 2 groups in the presence or absence of 2 g/ml of 25OH. 25OH was dissolved in 95% EtOH and the concentration of EtOH was controlled to be less than 0.3%. Each group of the cells was further divided into 4 groups: the first group was treated with TQRF at a dose of 80 g/ ml, the second group was treated with TQ at a dose of 2 g/ml, the third group was treated with 0.3% EtOH, and the fourth group was not treated and served as a control group.
RNA Extraction and cDNA Synthesis
The total RNA was isolated from HepG2 cells using the RiboPure RNA isolation kit according to the manufacturer's instructions (Ambion). The total RNA concentration was determined by measuring the absorbance at 260 nm. The purity of the extracted RNA was determined by measuring the ratio of the optical density at 260 nm and 280 nm using a spectrophotometer (BioRad, USA) and ranged between 1.8 and 2.0. The integrity and size distribution of the total RNA was determined by using a 1.5 agarose gel. The 18S and 28S RNA bands were visualized under UV light using gel image instrumentation. RNA samples were reversetranscribed into first-strand cDNA using the first-strand cDNA synthesis kit according to the manufacturer's instructions (MBI Ferments, Inc.).
Quantitative Real-Time PCR TaqMan primers and probes specific for LDLR, HMGCR and ␤ -actin were designed from human (Homo sapiens) adapted from the National Center for Biotechnology Information GenBank Database (www.ncbi.nlm.nih.gov), synthesized by Integrated DNA Technologies, Inc. (San Diego, Calif., USA) and supplied by Sigma Aldrich. GenBank accession number code for LDLR is BC014514, for HMGCR it is BC033692 and for ␤ -actin gene EF095209. Realtime PCR was performed using the Quantict probe real-time PCR master mix according to the manufacturer's instructions. The real-time quantitative PCR for each sample was performed in triplicate. Briefly, a reaction (25 l) containing 12.5 l of master mix, 2 l of 400 n M of each forward and reverse primer, 1 l of the probe (200 n M ) and 1 l of the template cDNA (10 ng/ l). The sequences of the primers and probes were as follows: LDLR forward: CACGGTGGAGATAGTGACATG, LDLR reverse: GGGCTTCTTCTCATTTCCTCTG, LDLR probe: TCACCAA-GCTCTGGGCGACGTTGCT, HMGCR forward: GGGACCA-ACCTACTACCTC, HMGCR reverse: GTCGAAGATCAATT-TACAA, HMGCR probe: TCACCAAGCTCTGGGCGACGTT-GCT, ␤ -actin forward: CCAACTGGGACGACATGGAG, ␤ -actin reverse: TCAAACATGATCTGGGTCATCTTC, and ␤ -actin probe: AATCTGGCACCACACCTTCTACAATGAGC. Product size was 73 bp for the LDLR gene, 210 bp for HMGCR and 144 bp for the ␤ -actin gene.
Real-time PCR amplification of cDNA was performed for 40 cycles. After an initial incubation for 15 min at 95 ° C, the PCR cycle consisted of a denaturation period for 15 s at 94 ° C and an annealing period for 60 s at 50 ° C. Analysis of the gene expression data was performed using a ⌬ ⌬ C t method of relative quantification, according to a previous report by Kenneth and Thomas [15] . RotorGene analysis software (version 6.0) was used to analyze all of the results from the PCR assays.
Statistical Analysis
Each experiment was repeated at least three times and the data are reported as the mean 8 SD. A one-way ANOVA was used to compare the results from different treatments and control cells. Statistical significance was indicated by p values ! 0.05. Data were analyzed using SPSS for Windows v14.0.
Results

Oil Yield and TQ Content in Different Fractions of N. sativa Extract
The effect of the extraction temperature on the yield of the crude extract is illustrated in table 1 . It can be seen that an increase in the SFE extraction temperature at a constant pressure of 600 bar significantly increased the oil yield such that the maximum value was obtained at the highest temperature tested (80 ° C). Our results indicate that the oil yield was significantly lower at 40 ° C compared with the yields obtained at both 60 and 80 ° C. Table 2 shows that the amount of TQ presented in different fractions of N. sativa SFE increased at high pressure and low temperature. The SFE parameters at 600 bar and 40 ° C efficiently extracted most of TQ present in N. sativa oil in the 1st hour of the extraction. TQRF was collected at a pressure of 600 bar and temperature of 40 ° C after the 1st hour of the extraction.
Cell Proliferation Assay
As shown in figures 1 and 2 , the growth of the HepG2 cells in the presence of various concentrations of TQRF ranging between 0.5 and 200 g/ml and TQ concentrations ranging between 0.5 and 5 g/ml was examined. Under the experimental conditions, both TQRF and TQ exhibited growth inhibitory effects on HepG2 cells over a 72-hour period. The IC 50 for HepG2 cells were approximately 100 g/ml for TQRF and 3.5 g/ml for TQ. The growth of the HepG2 cells in the presence of various concentrations of 25OH in DMEM supplemented with either 10% FBS or 10% HLPDS was also examined ( fig. 3 ). 25OH exhibited growth-inhibitory effects on HepG2 cells over a 72-hour period. The IC 50 for HepG2 cells were approximately 3 g/ml when cells were incubated with 10% FBS and 4.5 g/ml when cells were incubated with 10% HLPDS. The effect of different serum (FBS or HLPDS) on 25OH-induced cytotoxicity was also examined. The proliferation rate of HepG2 cells was significantly higher in the presence of 10% HLPDS compared with 10% FBS. Incubation of the cells with TQRF and TQ at 80 g/ml and TQ at 2 g/ml did not alter the proliferation rate of HepG2, and most of the cells were found to be in the stage of viable cells (87.3 and 86.66%, respectively). Results are expressed as mean 8 SD. The pressure was fixed at 600 bar. Fractionation was carried out at different temperatures (40, 60 and 80° C) and different collection times after 1, 2 and 3 h of extraction. Different letters within same column indicate significant difference (p < 0.05; n = 3).
Effects of HLPDS and 25OH on the Expression Level of the LDLR and HMGCR Genes
As shown in figure 5 , when HepG2 cells were grown in 10% HLPDS for 48 h in the absence of 2 g/ml 25OH, the LDLR and HMGCR mRNA levels were shown to increase 2-and 2.6-fold, respectively, compared with HepG2 cells incubated with 10% FBS. In the presence of 2 g/ml 25OH, the LDLR and HMGCR mRNA levels were significantly decreased by 28 and 45%, respectively, compared with the cells incubated with 10% HLPDS alone.
Results show that treatment with EtOH at 0.3% of the medium has no effect of the regulation of LDLR and HMGCR.
Effects of TQRF and TQ on the mRNA Expression Levels of LDLR
The effects of TQRF and TQ in the presence or absence of 2 g/ml 25OH on the expression level of the LDLR gene are shown in figure 6 . When cells were incubated with HLPDS in the absence of 25OH, TQRF and IC 50 values (3.5 g/ml) obtained after 72 h using MTT assay. HepG2 cells were seeded into 96-well plates and incubated overnight; then cells were exposed to medium containing different concentrations (0.5-5 g/ml) of TQ for 72 h. Cell proliferation was detected by the MTT method. Each value presents the average of 6 replicates 8 SD TQ increased the mRNA expression level of the LDLR gene 7-and 2-fold, respectively. When 25OH was added, the LDLR mRNA levels were decreased in the TQRFand TQ-treated groups. Compared with the control group, 25OH was shown to decrease the LDLR mRNA level by 28% ( fig. 5 ). In addition, the TQRF antagonized the 25OH suppressive effects and increased the LDLR mRNA level 5-fold. Treatment with TQ attenuated the suppressive effects of 25OH and increased the LDLR expression level 2-fold compared with 25OH treatment alone.
Effects of TQRF and TQ on the mRNA Expression Levels of HMGCR
The effect of TQRF and TQ on the regulation of the HMGCR mRNA level in HepG2 cells is shown in figure 7 . In the absence of 25OH, the mRNA level of HMGCR was decreased by 71% after 24 h of incubation in the presence of TQRF in comparison with untreated cells. However, the treatment of cells with TQ decreased the mRNA expression level of HMGCR by 12% compared with the untreated control group. When cells were incubated with 10% of HLPDS in the presence of 25OH, the suppression level of HMGCR by TQRF and TQ was slightly increased. In addition, both TQRF and TQ increased the suppression effect of 25OH and decreased the mRNA levels of HMGCR by 77 and 43% in TQRFand TQ-treated cells, respectively, compared with the untreated cells.
Discussion
This study was performed in order to investigate the regulatory effects of TQRF, which was prepared from N. sativa using SFE, and TQ on key genes involved in the metabolism of cholesterol in the HepG2 cell line. Herein, we report that a maximum yield of N. sativa oil was obtained at a pressure of 600 bar and high temperature of 80 ° C. The fluid density of SFE is very sensitive to temperature, which may explain why the yield of the crude extract varied significantly when the temperature was changed over a range of 40-80 ° C [16] . Throughout this experiment, 600 bar and 40 ° C were chosen as the SFE parameters for further fractionation due to the high TQ content and low energy (heat) requirement. It was reported that the optimum conditions for SFE of the essential oil from rosemary, marjoram and basil leaves are in the ranges of 40-50 ° C and 80-100 bar [17] .
The cell proliferation assays were performed in order to demonstrate the cytotoxic effects of TQRF, TQ and 25OH on HepG2 cell growth. Results indicate a significant decrease (50%) in proliferation of the cells at 100 g/ml of TQRF, and 3.5 g/ml of TQ after a 72-hour incubation period. It was reported that the water extract of the N. sativa seed that was also tested on the HepG2 cells appeared to have an inhibitory effect with an IC 50 of 6 mg/ml [18] . In addition, the ethyl acetate fraction of N. sativa seed appeared to be cytotoxic against HepG2 cells with an IC 50 value of 11 g/ml. Moreover, at concen- trations of 100 g/ml, the ethyl-acetate fraction completely killed all of the HepG2 cells [19] . The differences in the IC 50 values obtained in this study and the previous studies in regard to the HepG2 cell growth may be due to different qualities of the N. sativa extracts used.
Serum 25OH is associated with albumin or lipoproteins and may be delivered to cells of different tissues [20] . 25OH was reported to be toxic in adult rat Leydig cells at concentrations of 1-5 g/ml [21] . 25OH was reported to be cytotoxic to the HepG2 cell line [22] . One mechanism proposed for the toxicity of oxysterols has been the inhibition of cholesterol synthesis by suppression of HMGCR activity. This mechanism would explain the enhanced toxicity of 25OH to proliferating cells [23] . When cells were incubated with 10% FBS, which provides exogenous cholesterol in large excess, the rate of proliferation of HepG2 cells at different concentrations of 25OH was significantly lower compared with when cells were grown in 10% HLPDS. As previously reported, the cellular demand for cholesterol is high in the HepG2 cells when cells are incubated with HLPDS, thus resulting in an increase in both cholesterol synthesis and uptake of LDL-C by induction of both HMGCR and LDLR genes [24] .
In this study, the selected doses of TQRF (80 g/ml) and TQ (2 g/ml) were below the IC 50 values obtained by MTT assay. Further analysis using flow cytometry with PI and annexin V staining assay was carried out to determine the proliferation rate of HepG2 when the cells were treated with the selected doses for 24 h. When the cells were incubated with TQRF and TQ at 80 and 2 g/ml, respectively, and stained with both PI and annexin V, most of the cells were found to be in the stage of viable cells (the proliferation rate was more than 85%). Therefore, doses of TQRF at 80 g/ml, TQ at 2 g/ml and 25OH at 2 g/ml did not alter the proliferation rate of HepG2 and were thus selected to perform the in vitro gene expression experiments with cells that had a proliferation rate of 1 70%.
In this study, the TQRF dose was calculated to contain the equivalent concentration of TQ due to the health benefit of TQ as the active compound in N. sativa oil. Therefore, the concentration of 80 g/ml of TQRF was equivalent to 2 g/ml TQ, respectively. The interest of this study was to observe, at equivalent concentrations of TQ, whether TQRF will have the same or a higher activity than pure TQ in the regulation of selected cholesterol genes in HepG2 cells.
Our findings showed an induction of the LDLR and the HMGCR mRNA expression levels in HepG2 cells that were incubated with 10% HLPDS before treatment with TQRF and TQ for 24 h, when compared with the cells incubated with 10% FBS. This observation is due to the removal of the extracellular sources of cholesterol by culturing the cells in 10% HLPDS, which caused an increase in LDLR and HMGCR mRNA levels [25] . These findings are in agreement with previous studies that showed a 1.5-fold induction of the LDLR gene and a 2-fold induction of the HMGCR gene in the HepG2 cell line when cells were incubated for 24 h in a medium supplemented with 10% HLPDS [23] . In addition, coordinated transcriptional regulation of the LDLR and HMGCR genes by sterols has been reported [26] . The transcriptional regulator 25OH has been shown to regulate cholesterol metabolism by repressing the synthesis of the HMGCR [27] and LDLR genes [26] . This observation is of particular importance since the clearance of serum cholesterol is mediated by LDLR and thus the optimal hypocholesterolemic drug should suppress HMGCR activity without lowering LDLR levels. In order to investigate the activity of TQRF and TQ in the suppression effect of 25OH, HepG2 cells were incubated with 2 g/ml of 25OH for 24 h. The mRNA levels of LDLR and HMGCR in HepG2 cells were shown to be decreased after incubation with 2 g/ml 25OH, which may mimic extracellular sources of cholesterol. Moreover, a previous study reported suppression of the level of LDLR expression in HepG2 cells that were incubated with 2 g/ml 25OH by 62% [28] .
We have identified TQRF and TQ as new compounds that have an effect on LDLR and HMGCR gene expression levels. When we treated the cells with TQRF and TQ in the absence of 25OH, TQRF increased the expression level of the LDLR gene in HepG2 cells. TQRF demonstrated a higher efficiency in increasing the LDLR expression than the pure TQ, but at the same time suppressing the level of HMGCR. Interestingly, some hypocholesterolemic agents such as sterols cause a suppression of both HMGCR and LDLR mRNA levels in HepG2 [29] . A series of benzamides have also been shown to upregulate the LDLR activity without affecting cholesterol biosynthesis [30] . However, we have found that both TQRF and TQ show the opposite effects on these two genes, lowering HMGCR levels while increasing the LDLR mRNA expression levels. The ability of TQRF and TQ to suppress cholesterol synthesis while expressing LDLR activity suggests that TQRF may prove to be useful as a cholesterollowering agent. Our results also indicated that this regulation was at the transcriptional level.
The present results thus show for the first time that unlike 25OH, TQRF and TQ increased the expression of the LDLR gene. The expression level of the LDLR gene was higher with TQRF treatment than that observed in the presence of 25OH, which is due to the suppression of the LDLR gene by 25OH. The suppression effect of the HMGCR gene was even more significant when cells were incubated with 25OH.
We observed that at equivalent TQ concentrations, TQRF has a greater ability to increase the expression of LDLR than the pure TQ, suggesting that the effect of TQRF on the regulation of the tested genes was not only due to the TQ content but may be due to a combination of its rich components such as unsaturated fatty acid and vitamin E which are present in N. sativa oil [31] . Both vitamin E and unsaturated fatty acid were reported to upregulate the LDLR gene [32, 33] .
Although HepG2 cells are considered a good model to study the cholesterol metabolism, some of the changes that accrue in HepG2 cells may not take place in vivo, thus there is a need to perform an animal study to validate and confirm the findings obtained in this in vitro study.
In conclusion, the upregulation of the LDLR gene and the downregulation of the HMGCR by TQRF and TQ in HepG2 cells suggested that both TQRF and TQ regulated cholesterol metabolism via two primary mechanisms. Firstly, the uptake of LDL cholesterol was mediated via the upregulation of LDLR, and secondly, cholesterol regulation was mediated by the suppression of the HMGCR gene that inhibited the synthesis of cholesterol by decreasing the activity of the HMGCR enzyme. Our results suggest that N. sativa consumption can be beneficial in preventing cardiovascular diseases.
